Octopus vulgaris does not have social habits, which implies that it has little experience observing the behavior of conspecifics. However, some cephalopods are social, and specialized behavioral patterns are exhibited when octopuses come in contact with each other (8). Therefore, we tested whether octopuses can learn to perform a task by observation of other trained octopuses. Individuals of Octopus vulgaris were conditioned to discriminate between two stimuli that were identical in shape and size but differed in color (9). Training was followed by a session of trials while an untrained Octopus visually observed the choices made by the conditioned demonstrator. Experiments to investigate the ability of Octopus Training of demonstrators (I I) was realized by a series of trials where two balls were presented to the animal. We selected one ball to be the correct choice. When the animal attacked the correct ball it was rewarded, and each attack of the incorrect object was punished. The training of a demonstrator was complete when the animal made no mistakes in five trials.
Octopuses, like many other invertebrate species, are capable of a learned change in behavior as a result of experience (1-4), demonstrating that Octopus can integrate information to produce adaptive behavioral patterns (5). Among vertebrates living in social groups, learning can be facilitated by observation of another member of the same species (conspecific) performing a behavioral act (6, 7).
Octopus vulgaris does not have social habits, which implies that it has little experience observing the behavior of conspecifics. However, some cephalopods are social, and specialized behavioral patterns are exhibited when octopuses come in contact with each other (8) . Therefore, we tested whether octopuses can learn to perform a task by observation of other trained octopuses.
Individuals of Octopus vulgaris were conditioned to discriminate between two stimuli that were identical in shape and size but differed in color (9). Training was followed by a session of trials while an untrained Octopus visually observed the choices made by the conditioned demonstrator. Experiments to investigate the ability of Octopus vulgaris (10) to learn by observation were conducted in three phases: (i) training of demonstrators, (ii) observation of the task by untrained octopuses, and (iii) testing of observers.
G. Fiorito, Laboratorio di Neurobiologia, Stazione Zoologica A. Dohrn di Napoli, 1-80121 Napoli, Italy. P. Scotto, Cattedra di Fisiologia Umana, Universita di Reggio Calabria, 1-88100 Catanzaro, Italy.
Training of demonstrators (I I) was realized by a series of trials where two balls were presented to the animal. We selected one ball to be the correct choice. When the animal attacked the correct ball it was rewarded, and each attack of the incorrect object was punished. The training of a demonstrator was complete when the animal made no mistakes in five trials.
Two groups (red balls and white balls) of demonstrators were trained. For the red group, the red ball was considered to be the correct choice. Its selection was rewarded with a small piece of fish attached to the side of the ball that was not visible to the animal. Selection of the white ball was punished by an electric shock (9). For the second group of octopuses the conditions were reversed. Fig. 2D) J.
During the testing phase, the red and white observers made 14 and 30% of cumulative errors, respectively. However, for both groups of observers if one considers only the number of attacks to the wrong ball, errors were -9%. Failure to attack S0 Fig. 1 . Schematic of the experimental apparatus and protocol. An Octopus vulgaris is shown (right side of the figure) attacking a ball (the red one) and acting as a demonstrator for the other animal (observer, left side) that is standing outside of its home and watching its conspecific during the whole session through a transparent wall. Each tank had an independent supply of running water. Octopuses were allowed to visually interact for 2 hours before the start of the observational phase. Mean duration of the trials, which depended on the demonstrator's performances, was 40 s, and intertrial intervals were fixed at 5 min. (Fig. 2, B and D: NA) did not correlate with choices in preceding trials. The randomness of this event does not favor the lack of discrimination between objects or the failure of learning, but it may be related to a lack of reward after each trial.
These results suggest that untrained Octopus vulgaris can learn a task by observing, for a short period of time (four trials), the behavior of a conspecific. Observational learning was significantly faster than the learning of the demonstrators trained with classical conditioning techniques (-16 trials for red and -21 for white demonstrators). After four conditioning trials success rates of 51% for red and 51% for white group were attained, whereas four trials of observation with demonstrators led to corresponding success rates of 86 and 70% (15) .
Learning appeared stable when its retention by some randomly selected observers (n = 16 red group; n = 10 white group) was tested on five consecutive days, with a session of five trials a day. The procedure used was the same as for the testing phase of the experiment. There was no statistically significant difference between the percentages of correct responses of the octopuses immediately after the observational phase and 5 days after its end (red, 81% versus 81%; white, 70% versus 81%) ( Table 1 
